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A theoretical study of the geometries, energies, dissociation pathways, and aromaticity of the isomeric sulfur-nitrogen
S2N3

+ rings reveals that the experimentally known 1,2-isomer is only stable kinetically. A rather high barrier inhibits its
dissociation into the slightly lower energy N2 and NSS+ fragments via a stepwise mechanism. A second possible
dissociation mode, into NNS and NS+ via a concerted [3 + 2] mechanism, is endothermic. Instead, the reverse
cycloaddition reaction has a low barrier and offers an exothermic route for the formation of cyclic 1,2-S2N3

+. Despite
being thermodynamically more stable, the 1,3-isomer has only fleeting existence: its facile exothermic [3 + 2]
cycloreversion into N2 and SNS+ fragments precludes observation. Nucleus independent chemical shifts (NICS)
analysis reveals considerable six π electron aromaticity for both cyclic S2N3

+ isomers, as well as their five membered
ring valence isoelectronic analogues, N5

-, SN4, and S3N2
2+. The decomposition routes and the energetics of these

analogues also provide comparisons along the series.

1. Introduction

Binary sulfur-nitrogen ring heterocycles have intrigued
experimental1-9 and theoretical10-21 chemists sinceGregory’s1

discovery of S4N4 in 1835. Chivers10,11 and Oakley12 have
reviewed the preparation, behavior, geometries, and electro-
nic structures of SxNy (x, y = 2-5) rings. (SN)x polymers
with semimetallic and superconducting22 properties are often
used as starting materials for smaller sulfur-nitrogen com-
pounds.2-4 H

::
uckel23-25 molecular orbital theory and the

concept of aromaticity is effective in predicting the composition
of stable species and helping elucidate their properties.
This paper focuses on the smallest positively charged

sulfur-nitrogen rings with six π electrons, the fivemembered
ring 1,3-S2N3

+cation (A), and its 1,2-isomer (B) (Figure 1).
The former is unknown experimentally but was considered in
Bhattacharyya et al.’s13 1981 semiempirical CNDO/2 com-
putational survey. Salts of the 1,2-isomer (B) were prepared
and characterized by X-ray analysis independently by Herler
et al.8 and byHass et al.9 Herler’s {[S2N3]

+}4[Hg3Cl10]
4- and

{[S2N3]
+}2[Hg2Cl6]

2- salts were persistent at room tempera-
ture but decomposed at 80 �C; the geometry of the 1,2-isomer
(B), computed at CCSD(T) and B3LYP levels, as well as
a comparison of its aromatic πmolecular orbitals with those
of the cyclopentadienyl anion C5H5

-, also were reported.
Since the more stable sulfur-nitrogen ring isomers gener-

ally have the maximum possible number of S-N bonds,10,11

the energy of the 1,2-S2N3
+ isomer (B) should be higher than
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that of the 1,3-isomer (A). Why then is the 1,3-S2N3
+ isomer

(A) unknown? Is this because of some unexpected instability
or merely to an oversight of preparative chemistry? We
address these questions here. The fivememberedN5

-, SN4,
and S3N2

2+ rings also are considered to compare the entire
related six π electron series.
Like their carbocyclic counterparts, planar sulfur-

nitrogen ring systems with 4N+2 π-electrons (each sulfur
atom contributes two, each nitrogen one) are stabilized by
aromaticity and exhibit characteristic magnetic properties
due to induced diatropic ring currents. The four-membered
N2S2 ring, studied by Jung et al.,26 is the smallest 6 π e
example, but ring current probes have demonstrated the
aromaticity of numerous sulfur-nitrogen compounds, in-
cluding S2N2, S3N3

-, S4N3
+, S4N4

2+, and S5N5
+.27 Nucleus

independent chemical shifts (NICS) aromaticity probes, in-
troduced in 199628 and developed considerably since,29-37

are particularly effective.26,27 Canonical molecular orbital
NICS (CMO-NICS) analysis has been employed here to
delineate the aromaticity of the 1,2- and 1,3-S2N3

+, as well
as that of their six π electron five membered ring analogues.

2. Computational Methods

All geometries were optimized at both the B3LYP/6-311+
G(3df)38,39 andMP2/6-311+G(3df )40 level as implemented in

the Gaussian 03 program.41 Harmonic vibrational frequency
computations verified minima (all-real frequencies) and transi-
tion structures (one imaginary frequency), and provided the
zero point energy (ZPE) corrections (scaled by 0.9806 as
recommended by Scott and Radom).42 Intrinsic reaction co-
ordinates (IRC)43,44 potential energy surface computations
using the Gonzalez-Schlegel second-order algorithm con-
firmed the dissociation products. NICS28-37 computations
at GIAO45-MP2/6-311+G(3df)//PW91/IGLOIII established
the aromaticity of the cyclic S2N3

+ isomers by comparison to
the cyclopentadienyl anion C5H5

- and benzene. Both the
isotropic NICS28 and the dissected canonical molecular orbital
(CMO)-NICS34-36 were computed with NICS points located
at the ring center, NICS(0),28 and at 1 Å above the ring center,
NICS(1).27 CMO-NICS, evaluated using the gauge individual
atomic orbital (GIAO) method,45 dissects the isotropic NICS
into the contributions of each of the canonical molecular
orbitals.35-37 We employ the most sohisticated NICS aroma-
ticity index, NICSπzz,

32-34 which is based on the out-of-plane
(zz) tensor component of the isotropic NICS and includes only
contributions from the πCMOs. Negative NICS values in and
above aromatic ring systems indicate aromaticity; positive
NICS values are associated with antiaromaticity.

3. Results and Discussion

3.1. Geometries. Both of the five-membered ring
S2N3

+ isomers (A) and (B) (in Figure 1) have singlet
ground states. The triplet 1,2-S2N3

+ (B) is about
67.0 kcal/mol higher in energy than the singlet at MP2/
6-311+G(3df). The optimized geometrical parameters of
isomers (A) and (B) at HF, B3LYP, andMP2 levels (with
the 6-311+G(3df) basis set) are shown in Figure 1, along
with the experimental data of the 1,2-isomer B discussed
by Herler.8 Note that the 1,3-isomer (A) has two kinds of
S-N bonds. The one between the single nitrogen and a
sulfur (S1-N2) ranges from 1.56 Å to 1.60 Å, and is closer
to the double (1.54 Å) than the single (1.74 Å) SN bond
length. The SNbond to theN2 unit (S1-N5) is longer and
corresponds more closely to a single SN bond. The NN
distances in both A and B are in the 1.23 to 1.30 Å range
between a single and a double NN bond.

3.2. Dissociation Pathways, Kinetic, and Thermody-
namic Stabilities. Although 1,2-S2N3

+ (B) has been ob-
served experimentally,8 1,3-S2N3

+ (A) is 11.7 kcal/mol
more stable energetically (Table 1). 1,3-S2N3

+ (A) may be
favored by having a greater degree of S andN alternation
in the ring, as well as having less lone pair repulsion

Figure 1. Geometries and relative energies (computed at the MP2/6-311+
G(3df) level) of 1, 3- (A) and 1, 2- (B) S2N3

+ isomers. The experimental
data (a) correspond to complex salts rather than to the free ion (ref. 8).
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between vicinal N atoms (there is one NN unit in A but
two in B). However, being thermodynamically more
favorable does not necessarily result in greater kinetic
persistence.46 Just the opposite is true here. The “kinetic
stability” ofA (Figure 2) andB (Figure 3) were compared
by computing the barriers of their various dissociation
channels (see also Table 1 for energetic data).

3.2.1. 1,3-Isomer S2N3
+ (A). The symmetrical [3 + 2]

C2v cycloreversion (channel A1 in Figure 2) of 1,3-S2N3
+

(A), via simultaneous S-N bond elongation, leads to
SNS+ and N2 (A-P1) and is exothermic by 51.3 kcal/mol.
Notably, the A1 dissociation barrier (2.6 kcal/mol), via
A-TS1, is even less than the ZPE correction (8.7 kcal/mol)!
Thus, 1,3-S2N3

+(A) could dissociate quite readily in experi-
ment, which precludes its detection. The asymmetrical
dissociation channel (A2), involving synchronous S3-N4
and S1-N2bondbreaking, givesNNS andNS+, but has a

substantially higher barrier 15.6 kcal/mol (via A-TS2). A
third possible dissociation pathway, involving N-N bond
breaking leading to NSN and NS+, is endothermic by
93.4 kcal/mol and thus is not considered further here.

3.2.2. 1, 2-Isomer S2N3
+ (B).As shown in Figure 3, B1

represents the [3+2] cycloreversion of 1,2-S2N3
+ (B-SS1)

via transition state (B-TS1) into the NNS and NS+
products (B-P1). This result is confirmed by IRC compu-
tations. The B1 pathway is endothermic by 10.1 kcal/mol
but has a 15.6 kcal/mol dissociation barrier. Thus, the
reverse (cycloaddition) barrier is only 5.5 kcal/mol. Con-
sequently, NNS and NS+ are likely precursors for the
formation of 1,2-S2N3

+ in Herler’s experiments.8

The B2 dissociation pathway is slightly exothermic
(-1.6 kcal/mol) and gives N2 and NSS+ (B-P2) in two
consecutive steps. The first step involves ring-opening
through S1N5 bond rupture and leads to B-SS2 (only
1.9 kcal/mol higher in energy thanB-SS1). The barrier for
this step (via B-TS21) is 7.7 kcal/mol, and, with the
exception of the S1N5 separation, little change in bond

Table 1. Total Energies (in hartrees) and Unscaled Zero-Point Energies (in Parentheses) of the Structures (SS), Transition States (TS), and Dissociation Products (P) of
1,3-S2N3

+ (A) and 1,2-S2N3
+ (B)a

total energies (ZPE in kcal/mol) relative energies (with scaled ZPE)

1,3-S2N3
+ (A)

A-SS -959.03442 (9.4) 0.0[-11.7]b

A-TS1 -959.02888 (8.7) 2.6
A-TS2 -959.01050 (8.6) 15.8
A-P1 (SNS+ + N2) -959.11907 (7.7) -51.3
A-P2 (SNN +NS+) -959.11410 (7.0) -52.4
A-P3 (NSN +NS+) -958.88553 (6.4) 93.4
1,2-S2N3

+ (B)
B-SS1 -959.01529 (9.1) 0.0
B-TS1 -958.98977 (8.7) 15.6
B-TS21 -959.00344 (9.4) 7.7
B-SS2 -959.01268 (9.4) 1.9
B-TS22 -958.95671 (7.1) 34.9
B-P1 (NNS + NS+) -958.99959 (7.1) 10.0
B-P2 (N2 + SNS+) -959.01346 (6.4) -1.6
B-P3 (S2

2++N3
-) -958.42590 (7.5) 368.3

B-P4 (S2+N3
+D3h) -958.78603 (6.2) 141.1

aThe relative energies (including ZPE corrections scaled by 0.9806) of the transition states and dissociation products also are listed. All geometries
were optimized at the MP2/6-311+G(3df) level. bEnergy relative to 1,2-S2N3

+ (B-SS1)

Figure 2. Optimized geometries (bond lengths in Å; bond angles in degrees) of species involved in the 1,3-S2N3
+(A) dissociation channels.

(46) Hoffmann, R.; Schleyer, P. v. R.; Schaefer, H. F.III Angew. Chem.,
Int. Ed. 2008, 47, 2.
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lengths takes place. The second step involves the N3-N4
bond cleavage ofB-SS2 (viaB-TS22) to giveB-P2. On the
basis of IRC computations, the N4-N5 and S2-
N3 bonds shorten significantly as the N3N4 distance
increases. At the B-TS22 transition state, the N4-N5
bond length (1.119 Å) is comparable to the experimental
triple bond length of N2 (1.098 Å). The dissociation
barrier (34.9 kcal/mol) for this step is significant and
contributes to the experimental persistence of 1,2-
S2N3

+.8

The [3 + 2] cycloreversions of 1, 2-S2N3
+ (B) leading to

S2
2++N3

- (B-P3) or to N3
+ (aD3h symmetry singlet) + S2

(B-P4) are extremely endothermic and thus are unrealistic.
The formation ofB-P3 involves the simultaneous elongation
of two N-S bonds but is 368.3 kcal/mol higher in energy
than 1,2-S2N3

+ (B). The formation ofN3
+ (aD3h symmetry

singlet) + S2 (B-P4) is more favorable Coulombically, but
these products are still 141.1 kcal/mol higher in energy than
1,2-S2N3

+ (B).
Despite being thermochemically more stable than (B),

1,3-S2N3
+ (A) dissociates (into linear S=N=S+ andN2)

readily; its low barrier precludes observation. In contrast,
all the possible dissociation channels of the 1,2-isomer (B)
have high barriers. Thus, attempts to detect S2N3

+ give
the metastable (higher energy, but kinetically viable)
1,2-isomer (B) rather than the thermodynamically more
stable (lower energy) 1,3-isomer (A). (This is a cogent
example of the need to define what “stable” means when
used in a scientific context.)46

3.3. Related Species: N5
-, SN4, and S3N2

2+. For com-
parison, we also evaluated the possible dissociation path-
waysof related fivemembered ringswith sixπ electrons,N5

-

(C), SN4 (D), 1,3- S3N2
2+ (E), and 1,2-S3N2

2+(F). The geo-
metries of the species involved in the dissociation channels
are presented in Figures 4-7, respectively. Figure 8 depicts

the dissociation channels schematically of the related species
together with 1,2- (B) and 1,3-S2N3

+ (A) isomer.
3.3.1. N5

-. The pentazolate anion N5
- has been de-

tected experimentally47 and has been studied exten-
sively47-51 because of its potential use as a high-energy
high-density material (HEDM). The dissociation of N5

-

into N2 and N3
- (C-P) is only modestly exothermic

(12.7 kcal/mol) but has a 24.9 kcal/mol barrier via
transition state C-TS (see Table 2). Like its C5H5

-

hydrocarbon counterpart, N5
- is highly aromatic (see

Nucleus Independent Chemical Shifts section). The
NN distance in D5h N5

- (1.334 Å at the MP2/6-311+
G(3df) level), between the usual NN single and double
bond lengths, documents the extensive six π electron
delocalization.

3.3.2. SN4. SN4 has three conceivable sets of fragmen-
tation products, D-P1 (NNS+NN), D-P2 (NSN+NN),
and D-P3 (NNN-+NS+) (see Table 2 and Figure 5).
The most facile dissociation pathway, D1, leading
to NNS+NN (D-P1, Figure 5), is exothermic by
137.2 kcal/mol and has a 7.0 kcal/mol barrier via a C2v

D-TS1 transition state (see Figure 5).52 Alternative dis-
sociation pathways (D2 and D3) are unfavorable. The
D-P2 products (NSN+NN) are 5.3 kcal/mol less stable
than SN4 and theD2 dissociation barrier is 34.4 kcal/mol.
TheD-P3 (NNN-+NS+) dissociation is endothermic by
193.7 kcal/mol.

3.3.3. S3N2
2+. In 1991, Passmore et al. characterized the

1,3-S3N2
2+ isomer (E-SS inFigure 6),6a,20which follows the

alternating S, N atom rule.10-12 Indeed, 1,2-S3N2
2+ (F in

Figure 7, evidently studied here for the first time) is

Figure 3. Optimized geometries (bond lengths in Å; bond angles in degrees) of the species involved in the 1,2-S2N3
+
(B) dissociation channels.
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16.2 kcal/mol higher in energy (see Table 2). 1,3-S3N2
2+

dissociates readily into NS+ and SNS+ fragments in liquid
SO2 because of the large exothermicity (in the absence of

crystal lattice energy) and the rather low barrier (less than
20 kcal/mol as computed by Grein in his detailed 1993
theoretical study).21 We find this dissociation pathway

Figure 5. Optimized geometries (bond lengths in Å; bond angles in degrees) of the species involved in the SN4 (D) dissociation channels.

Figure 6. Optimized geometries (bond lengths in Å; bond angles in degrees) of the species involved in the dissociation channels of 1,3- S3N2
2+

(E).

Figure 4. Optimized geometries (bond lengths in Å; bond angles in degrees) of the species involved in the dissociation of N5
-
(C).
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(E1, see Figure 6) to be exothermic by 100.3 kcal/mol with
an energy barrier of only 5.4 kcal/mol. All other possible
1,3-S3N2

2+ dissociation routes have higher energy barriers.
The E2 pathway, resulting in NSS++NS+ (E-P2), is
exothermic by 35.1 kcal/mol but is precluded by an
81.2 kcal/mol dissociation barrier (via E-TS2); E3 leads to
NSN+SS2+ (E-P3) and is endothermic by 146.2 kcal/mol.
In contrast, the dissociation barrier of 1,2-S3N2

2+(F-SS)

into SS2++SNN (F-P1) is very low (1.5 kcal/mol) (see
Figure 7). Thus, the known 1,3-S3N2

2+ isomer not only is
thermodynamically more stable but also is more persistent
kinetically than its 1,2-isomer.

3.4. Molecular Orbital Analysis. Some of the 1,2-
S2N3

+(B) MOs were related schematically to those of
the isoelectronic C5H5

- by Herler et al.8 Our canonical
π MO (CMO-NICS) comparison (see Figure 9) shows

Figure 7. Optimized geometries (bond lengths in Å; bond angles in degrees) of the species involved in the dissociation of 1,2-S3N2
2+ (F).

Figure 8. Schematic representations of the various dissociation channels of 1,3-S2N3
+(A), 1,2-S2N3

+(B), N5
- (C), SN4 (D), 1,3-S3N2

2+ (E), and 1,2-
S3N2

2+ (F). Note the differences in the energy scaling.
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that 1,3-S2N3
+(A) is quite similar to both of these (see

discussion below). All 13 occupied valence (and some
virtual) MOs of 1,2-S2N3

+ are shown in Figure 9 (the
MOs of the 1,3-isomer (B) are analogous). The σ-bonding
framework is composed of s-AO S and N combinations
(MOs 7a1, 6b1, 8a1, 7b1, and 9a1) as well as of in-plane
π-AO S and N combinations) MOs 10a1, 8b1, 11a1, 9b1,
12a1. MOs 2b2, 3b2, and 2a2 are the three occupied
π orbitals formed from the out-of-plane π AOs of sulfur
and nitrogen (also shown in Figure 10). MOs 3a2 and 4a2
are two of the unoccupied π orbitals.

3.5. Nucleus Independent Chemical Shifts (NICS).
NICS computations reveal that both (A) and (B) are
almost as aromatic as the isoelectronic cyclopentadienyl
anion, C5H5

-, based on the most sophisticated NICSπzz
index. Both (A) (-30.6 ppm) and (B) (-30.5 ppm) have
large negative NICS(0)πzz values (in the ring centers)
only slightly smaller than D5h C5H5

- (-35.3) and D6h

benzene (-36.2 ppm) (see Table 3). Theweakermagnetic
aromaticity of (A) and (B) is expected geometrically, in
view of their bond length alternation (see Table 1), non-
uniformity of the ring atoms, and larger average ring
radii.
Note that some of the other NICS indexes, in contrast

to NICS(0)πzz, may give misleading conclusions.33,34 For
example, the isotropic NICS(0) for (A) (-18.9 ppm)
and for (B) (-23.3 ppm) suggest erroneously that both
are distinctly more aromatic than C5H5

- (NICS(0) =
-12.9 ppm) and benzene (NICS(0)=-7.5 ppm) (Table 3).
Isotropic NICS(0) values are strongly influenced by the
local sigma contributions of the ring, which (unlike the
π effects) are not related to aromaticity.33,34 NICS(0)zz

extracts the out-of-plane tensor component of the isotropic
NICS but is also largely offset by the σ orbital contri-
butions (NICS(0)σzz). Thus, the NICS(0)zz values for (A)
(-45.4 ppm) and (B) (-54.0 ppm) are more negative than
those of C5H5

- (-17.3 ppm) and benzene (-15.0 ppm).
Note that the NICS(0)σzz values are negative (diatropic) for
(A) (-14.8 ppm) and (B) (-23.5 ppm) but positive (para-
tropic) for C5H5

- (+18.0 ppm) and benzene (+21.2 ppm).

Table 2. Total Energies (in hartrees) and Unscaled Zero-Point Energies (in
parentheses) of the Structures (SS), Transition States (TS), and Dissociation
Products (P) of N5

- (C), SN4 (D), 1,3-S3N2
2+ (E), and 1,2-S3N2

2+ (F)a

total energies
(ZPE in kcal/mol)

relative energies
(with scaled ZPE)

N5
- (C)

C-SS -273.30741 (13.3) 0.0
C-TS -273.26319 (11.1) 25.6
C-P(NNN-+N2) -273.33597 (9.6) -21.6
SN4 (D)
D-SS -616.27454 (11.2) 0.0
D-TS1 -616.26036 (9.2) 7.0
D-TS2 -616.21878 (10.6) 34.4
D-P1(NNS+NN) -616.48869 (8.3) -137.2
D-P2(NSN+NN) -616.26007 (7.3) 5.3
D-P3(NNN-+NS+) -615.96143 (8.5) 193.7
1,3-S3N2

2+ (E)
E-SS -1301.58811 (8.5) 0.0[-16.2]b

E-TS1 -1301.57795 (7.5) 5.4
E-TS2 81.2c

E-P1(SNS++NS+) -1301.74453 (6.3) -100.3
E-P2(NSS++NS+) -1301.63892 (5.1) -35.1
E-P3(NSN+SS2+) -1301.34999 (5.2) 146.2
1,2-S3N2

2+ (F)
F-SS -1301.56101 (7.6) 0.0
F-TS1 -1301.55812(7.3) 1.5
F-P1(NNS+SS2+) -1301.57862 (7.2) -12.5
F-P2(NN+SSS2+) -1301.56027 (5.7) -1.5
F-P3(SSN++NS+) -1301.63892 (5.1) -53.3

aThe relative energies (includingZPE corrections scaled by 0.9806) of
the transition states and dissociation products also are listed. All
geometries were optimized at the MP2/6-311+G(3df) level. bEnergy
relative to 1,2-S3N2

2+(F-SS). cComputed at the B3LYP/6-311+G(3df)
level.

Figure 9. Canonical molecular orbitals of 1,2-S2N3
+(B).

Figure 10. NICS(0)zz contributions (in ppm) of the schematically re-
lated π canonical molecular orbitals (CMOs) of 1,2-S2N3

+(B), 1,3-
S2N3

+(A) and C5H5
-. The NICS(0)πzz values are the sum of the three

π CMO-NICS(0)zz values.
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The dissected NICSπ
35-37 and NICSπzz

32-34 indexes elim-
inate the sigma contamination effectively and only include
the π MO contributions. In agreement with NICSπzz (see
above), the NICS(0)π values of (A) (-16.6) and (B)
(-20.2) are slightly less negative than C5H5

- (-25.8) and
benzene (-25.1) (see also Table 3).
Both (A) and (B) are less aromatic than C5H5

- and
benzene because of their alternating S and N ring atoms.
Figure 10 presents the schematically related π CMOs
of 1,3-S2N3

+(A), 1,2-S2N3
+ (B) and C5H5

- and their
individual contributions to the overall NICS(0)πzz value.
The HOMOs of (A) and (B) have less evenly distributed
electron density and thus have slightly less negative NICS
(0)zz values (-8.2 and -8.0 ppm, respectively) compared
to the HOMO of C5H5

- (-11.1 ppm). The NICS(0)zz
values of the lower π MOs of (A) and (B) are also less
diatropic than those of C5H5

-. Hence, the resultingNICS
(0)πzz values of (A) and (B) are less negative than C5H5

-.
The magnetic aromaticity of the other SxNy species, N5

-

(C), SN4 (D), 1,3-S3N2
2+ (E), and 1,2-S3N2

2+ (F) valence
isoelectronicwithC5H5

-, also vary depending on the degree
of ring atom alternation. The NICS(0)πzz values of (C)-(F)
range from -28 ppm to -36 ppm. Note that species
with more alternating ring atoms, (e.g., (E) (-27.9 ppm)
and (F) (NICS(0)πzz = -28.2 ppm), are less negative
(less aromatic), while those with less alternation have
more negative NICS(0)πzz values (more aromatic).
Thus, the NICS(0)πzz value of N5

- (C) (-36.3 ppm)
is comparable to C5H5

- (-35.3 ppm) and to benzene
(-36.2 ppm) (see Table 3).

4. Conclusions

Despite being thermodynamically more stable than its
known 1,2-S2N3

+ (B) isomer, 1,3-S2N3
+ (A) has not been

observed. This is not an oversight of preparative chemistry
but more likely is due to the facile dissociation of (A). The
fragmentation of 1,3-S2N3

+ (A) into SNS+ and N2

is computed to have a very low dissociation barrier
(2.6 kcal/mol at the MP2/6-311+G(3df) level). In con-
trast, all of the possible dissociation pathways of the
metastable (but viable) 1,2-S2N3

+ (B) have higher dis-
sociation barriers. Thus, 1,2-S2N3

+ (B) is more “stable”
(kineticallymore persistent) than 1,3-S2N3

+ (A), but (A) is
more “stable” (thermodynamically, having lower energy)
than (B). This emphasizes the need to use the word
“stable” with circumspection in scientific contexts.46 On
the basis of NICS(0)πzz computations, both 1,2- and 1,3-
S2N3

+ are almost as aromatic as the valence isoelectronic
C5H5

-, despite their bond length alternation and non-
uniformity of the ring S and N atoms. Likewise, the
aromaticity of the six π electron 1,2- and 1,3-S3N2

2+ rings
also are weakened slightly, compared to C5H5

-. Note that
aromaticity not only contributes to the thermochemical
stability of ground states but also can lower the energy of
pericyclic cycloreversion transition states.27b Although
being as aromatic as C5H5

-, the pure nitrogen N5
- ring

decomposes readily.
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Table 3. NICS Values (ppm) for 1,3-S2N3
+(A), 1,2-S2N3

+(B), N5
- (C), SN4 (D), 1,3-S3N2

2+(E), 1,2-S3N2
2+ (F), C5H5

-, and C6H6
a

1,3-S2N3
+ (A) 1,2-S2N3

+ (B) N5
- (C) SN4 (D) 1,3-S3N2

2+ (E) 1,2-S3N2
2+ (F) C5H5

- C6H6

NICS (0) -18.9 -23.3 -16.5 -19.5 -21.6 -20.7 -12.9 -7.5
NICS (1) -16.8 -18.5 -16.0 -17.2 -16.8 -17.5 -9.8 -9.6
NICS(0)π -16.6 -20.2 -28.6 -27.2 -24.4 -24.6 -25.8 -25.1
NICS(0)zz -45.4 -54.0 -43.5 -47.6 -48.9 -45.2 -17.3 -15.0
NICS(0)σzz -14.8 -23.5 -7.9 -14.6 -21.0 -17.0 +18.0 +21.2
NICS(0)πzz -30.6 -30.3 -36.3 -33.0 -27.9 -28.2 -35.3 -36.2

aComputed at the GIAO-MP2/6-311+G(3df)//PW91/IGLOIII level. All of these species have six π electrons (three occupied πMOs). The isotropic
NICS values were computed withNICS points located at the ring center, NICS(0), and 1 Å above, NICS(1). NICSπ includes only contributions from the
π canonical molecular orbitals (CMOs). NICSzz are the extracted out-of-plane (zz) tensor components of the isotropic NICS, and be dissected into the
respective sigma (NICSσzz) and π (NICSπzz) orbital contributions.


